Soil microbes perform crucial roles in the nutrient cycles of forest ecosystems, by effecting the decomposition of organic matter. Enzyme activities have been used to evaluate decomposition rates, as well as microbial activities. The principal objectives of this study were to determine the activities of different soil enzymes, to compare enzyme activities at different elevations, and to elucidate the most important controlling variables for enzyme activities. We conducted a field survey at three sites in Mt. Jumbong on a monthly basis from May, 2004 to September, 2005. Enzyme activities did not change substantially over different seasons. However, the spatial differences were distinct; the lowest elevation site evidenced the lowest levels of enzyme activity. Soils at the lowest elevation were nutrient-depleted soils, and enzyme activities appeared to be affected by precipitation and temperature. However, enzyme activities in fertile soils at high elevations were associated with nutrients and organic matter. The enzyme activities detected in this study differed significantly at the three elevations, and their controlling variables also evidenced different factors.
INTRODUCTION
Soil microbes perform key functions in the nutrient cycles of forest ecosystems by effecting the decomposition of organic matter. The decomposition of plant litter on the forest floor is a critically important process for the integration of organic matter into humus. This is also relevant to the biogeochemical cycles of elements including carbon, nitrogen, phosphorus, and sulfur. Microorganisms can mineralize up to 80% of dead plant materials (Waring and Schlesinger 1986) . As the importance of soil microbes has become increasingly recognized, many previous studies have been conducted in this regardincluding studies about the key variables controlling soil microbial activities. Temperature, pH, soil water content, land use changes, and nutrient availability have been identified as key variables controlling soil microbial activities (Kang and Lee 1998 , Andersson and Nilsson 2001 , Allison et al. 2008 , Ye et al. 2009 ). According to our manipulation experiment, Q 10 varied from 1.4 to 3.3 with different latitudes and types of soils (Winkler et al. 1996 , Hopkins et al. 2006 , Jin et al. 2008 . Many studies have emphasized not only temperature but also soil water content as key controlling variables on microbial activities (Orchard and Cook 1983 , Stark and Firestone 1995 , Kang et al. 2003 , Jia et al. 2006 . Soil nutrients such as carbon, nitrogen, and phosphorous have also been identified as factors important to microbial activities (Wright and Reddy 2001 , Jordan et al. 2003 , Enowashu et al. 2009 ).
Microbial activity in soils can be estimated via respiration, arginine ammonification, or molecular tools such as stable isotope probing or enzyme activities (Paul and Clark 1989) . Among these methods, enzyme activity analysis has been employed by a variety of researches. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
J. Ecol. Field Biol. 33(3): 223-228, 2010 Enzyme activities are influenced by microbial community structures (Waldrop et al. 2000 , Kourtev et al. 2002 , biomass (Zak et al. 1994 , Kennedy and Gewin 1997 , Wellington et al. 2003 ) and physico-chemical properties of soil (Halvorson et al. 1996, Speir and Ross 2002) . Therefore, enzyme activities are frequently utilized to evaluate the ecological integrity of soils, and as a general indicator of microbial activity (Killham and Staddon 2002) .
The principal objectives of this study were: 1) to estimate soil enzyme activities of different types of extracellular enzyme activities in temperate forest soils, 2) to compare activities measured at different elevations, and 3) to determine key environmental factors for enzyme activities at different elevations.
MATERIALS AND METHODS

Study site
This study was conducted on Mt. Jumbong (38º02' N, 128º26' E) in South Korea. Mt. Jumbong is a hardwood forest zone located at the southernmost outside area of the Mt. Seorak national park in Kangwon Province. The site is part of a UNESCO Biosphere Reserve and has been designated as a Natural Forest Reserve by the Korea Forest Service, Korea. The dominant fauna in this area are Quercus mongolica and Acer pseudo-sieboldianum. The annual average temperature is 6.3°C and the annual precipitation is 1,578 mm (Kang et al. 2003) . Soil samples were collected at 3 different locations with different elevations (Table 1 ). The soil in this area is classified as sandy clay loam (sand, 49%; silt, 24%; clay, 27%).
Soil physico-chemical analysis
Soil samples for chemical and enzyme analysis were collected from May, 2004 to September, 2005 on a monthly basis. Two replicate soils were collected at each site using a soil corer (5 cm dia. × 5 cm height) after removing the surface litter layer. Samples were transferred to a lab on ice, then sieved (2 mm) to remove large debris and stones.
Soil water contents were measured via oven-drying at 105°C and the organic matter contents were determined via loss on ignition at 600°C. The pH levels were determined by a pH meter after mixing with distilled water and settling (soil:water = 1:2). DOC was extracted with distilled water and filtered through a 0.45 µm filter, and then analyzed via a TOC analyzer (TOC-V CPH ; Shimadzu, Tokyo, Japan). Ammonium was determined via the indophenol blue method after extraction with 2 M KCl (Kee- Significant differences.
